Fabric testing for cycling skinsuits  by Underwood, L. & Jermy, M.C.
Available online at www.sciencedirect.com
5th Asia-Pacific Congress on Sports Technology (APCST) 
Fabric testing for cycling skinsuits 
L. Underwood*,aM.C. Jermy 
Department of Mechanical Engineering, University of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand 
Received 29 March 2011; revised 9 May 2011; accepted 10 May 2011 
Abstract 
Improvement in aerodynamic performance for high performance sports is critical, and the focus on materials and 
apparel has increased significantly over the last decade. Wind tunnel testing has been carried out on four cycling 
fabrics stretched over three cylinders of different diameter, and placed in the streamwise and spanwise orientations to 
determine their aerodynamic performance at speeds from 45kph to 80kph. There was no significant difference in drag 
coefficient between the materials in the streamwise orientation, but in the spanwise orientation the choice of material 
and seam placement was dependent on the speed. The drag coefficient uncertainty was 3%. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Aerodynamic drag accounts for 90% of the resistive forces in cycling, 70% of which is due to the rider
and the remainder from the bike and components. The drag can be reduced by reducing the frontal area 
and/or reducing the drag coefficient, both of which are affected by the design, aerodynamic properties and 
fit of the garment worn by the athlete. It has been shown that an aerodynamic sports garment is associated 
with high performance success at elite levels in a number of sports in which aerodynamics plays a 
significant role, including skiing, skating, running and cycling. Brownlie et al. [1] highlighted the 
importance of a garment of proper size and fit for elite skiers in order to obtain the lowest frontal area 
possible. Human performance running trials of three commercially available running apparel bodysuits 
also showed  that a body suit with a high sheen and tight fit could save a runner 1.17% of their finishing 
time over 100m [2]. A comparison of various fabrics and seams on cylinders found that the drag 
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coefficient could be reduced by using stretch fabrics and by using flat, taped seams [3]. Chowdhury et al. 
[4] carried out a similar study to determine the drag coefficient and lift coefficient of different fabrics on a 
cylinder, which could be rotated to simulate different angles of attack and yaw angles. Their results found 
that both the drag and lift coefficients were dependent on the angular position and surface roughness of 
the materials. A more comprehensive study by Brownlie et al. [5] was carried out on cylinders, limb 
models and live cyclists coated in one or more of over 200 stretch fabrics. The results showed that custom 
fitting, aligning the seams with the flow, and matching fabric textures to body segments were all 
successful methods for reducing the drag coefficient.  
By having fabrics of varied roughness on different body parts it is possible to trip the boundary layer 
from laminar to turbulent flow [6]. Brownlie et al. [5] proved that this was possible when testing fabrics 
on cylinders and limb models, resulting in a reduction in drag coefficient by as much as 40%. The 
introduction of the Nike Swift Skin Project, where a skinsuit was designed based on zoned fabrics has 
shown that the drag can be reduced by 4% for a pedalling athlete [5] and reduce lap times for speed 
skating by 0.2 to 0.3 seconds over 400m [7]. Turbulence can also be induced by using trips rather than 
rough materials, for example Thompson, Friess & Knapp II [8] who found that drag reductions of speed 
skiers could be obtained by using flow trips on the buttocks. These results highlight the importance of 
choosing the best possible material combination for a skinsuit for high performance sports in which 
aerodynamics plays a significant role. The drag of a cyclist is represented by: 
2
2
1 AVCDrag dρ=                 (1) 
A cyclist can be thought of as a combination of roughly cylindrical arms, thighs and calves, a roughly 
spherical head, and a torso with characteristics similar to that of a flat plate. Simple models like this are 
useful for analysing different types of material, which can be used to make an aerodynamic skinsuit for 
cyclists. For cylindrical bodies in axial flow, the critical Reynolds number, at which point the drag 
coefficient drops suddenly, is Re=7x104 and Re=3x105 for smooth and rough cylinders respectively. The 
critical Reynolds number for a flat plate is 3x105. For cylindrical bodies in axial flow, the drag coefficient 
is also related to the fineness ratio, L/D, where L is the length and D is the diameter of the cylinder. The 
drag coefficient drops significantly from Cd=1.2 to 0.65 at L/D=0.5 for blunt nose cylinders and from 
Cd=0.4 to 0.2 at L/D=0.5 for rounded nose cylinders, after which point the drag coefficient remains 
relatively constant [9]. 
In this study, the aerodynamic performance of different skinsuit fabrics was determined using 
cylindrical bodies in axial and streamwise flow. The results were used to help design an aerodynamic 
skinsuit, which has been shown to result in success at elite levels. 
2.  Methodology 
Three circular cylinders with diameters of 56mm, 69.6mm and 111mm, length of 150mm, and rounded 
heads at the leading edge, with an axial extent of 1.5, 1.6 and 1.7 respectively, were manufactured to 
represent a forearm, upper arm, and thigh of a cyclist respectively. Each cylinder was placed in the high 
speed wind tunnel at the University of Canterbury in both a streamwise and spanwise orientation, as 
shown in Figure 1, and the aerodynamic drag measured for the cylinders at speeds between 45kph and 
80kph. Four material sheaths, made from a combination of polyamide and elastane and stitched together 
with a simple stitched seam in the longitudinal direction, were then placed on each of the cylinders, and 
the aerodynamic drag measured in both the spanwise and streamwise orientation. When in the spanwise 
orientation, the seam was placed at the rear of the cylinder out of the flow, and in the streamwise 
orientation the seam was placed underneath the cylinder. The location of the seam was also compared for 
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the 69.6mm cylinder in the spanwise orientation by placing the seam at 0ȗ (front) to 180ȗ (rear) in 30ȗ 
increments. The aerodynamic drag of the supporting rods without the cylinders was also measured by 
suspending the cylinders in front of, but not connected to, the rod so that solely the drag of the cylinders 
would be used in order to calculate the drag coefficient from Equation 1. The ambient temperature and 
pressure was recorded for each test. 
Fig. 1. Circular cylinders in the (a) streamwise and (b) spanwise orientations in the wind tunnel 
The roughness of the materials was determined by estimating the thickness of the peaks and troughs 
using a microscope with a magnification factor of 5X in order to determine the depth, d, of the 
protrusions. In addition, the length, L, width, W, and distance between the centres of protrusions was 
determined (average of 5 measurements at random locations) so that a roughness factor, k, and roughness 
coefficient, r, could be provided for each material sample [9]: 
dWk .=                  (2) 
D
k
r =                  (3) 
3.  Results and Discussion 
3.1. Material roughness 
The calculated roughness factor, k, and roughness coefficient, r, of the material samples on the 
medium cylinder is shown in Table 1. These results show that Material 2 was the roughest sample 
(highest roughness coefficient, k) and Material 4 was the smoothest (lowest roughness coefficient, k). 
Table 1. Roughness factor and roughness coefficient of all material samples 
Material Depth (ȝm) Width (ȝm) k r (69.9mm cylinder) 
1 110 203 149 2.1x10-3 
2 305 630 438 6.3x10-3 
3 85 642 234 3.4x10-3 
4 30 too smooth too smooth too smooth 
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3.2. Streamwise orientation 
The drag coefficient versus velocity curves were generated for all material samples on each cylinder in 
the streamwise orientation. The results for the medium cylinder are shown in Figure 2. The results show 
that although Material 2 and Material 4 had the highest drag coefficient at all speeds, the difference in 
drag coefficient is not great enough to suggest any material sample is successful at reducing the drag. The 
streamwise cylinders are similar to the forearm and torso of a cyclist, so these results suggest that either 
Material 1 or Material 3 should be used on the forearm and torso sections of the skinsuit for a cyclist. 
  
 
Fig. 2. Drag coefficient as a function of speed for the medium cylinder in the streamwise orientation 
The relationship between the drag coefficient and fineness ratio for the three cylinders can also be 
compared to the results for rounded nose cylindrical bodies in axial flow, as shown in Figure 3. The 
fineness ratio for the small, medium and large cylinders was 2.68, 2.16 and 1.35 respectively (red dots), 
which is greater than the critical fineness ratio (the point at which a significant reduction in drag 
coefficient is seen). The cylinder results therefore correspond well to rounded nose cylinders in axial 
flow, as no reduction in drag coefficient was seen and the actual values for the drag coefficient are in 
close agreement with those reported by Hoerner [7]. 
 
 
Fig. 3. Relationship between drag coefficient and fineness ratio for cylindrical bodies in axial flow [7] 
3.3. Spanwise orientation – Seam behind cylinder 
The drag coefficient versus velocity curves were generated for all material samples on each cylinder in 
the spanwise orientation. The results for the medium cylinder are shown in Figure 4(a). The results show 
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that there was a significant reduction in drag coefficient at 71.5kph on the small cylinder, 78.8kph on the 
medium cylinder and 61kph on the large cylinder for Material 2, but there was no difference in drag 
coefficient for any other material sample. Material 2 was the roughest sample, so these results suggest 
that Material 2 was successful at inducing turbulent flow in the boundary layer at a specific velocity 
depending on the diameter of the cylinder. All other material samples were too smooth. The drop in drag 
coefficient for Material 2 occurred at Reynolds numbers of Re=7.34x104, Re=7.78x104, and Re=1.24x105 
for the small, medium and large cylinders respectively (Figure 4(b)). This is in agreement with the 
theoretical range of critical Reynolds number for rough circular cylinders with the axis perpendicular to 
the flow (Recrit=6x104 to 1.4x105 depending on the surface roughness) [10]. The results also show that 
none of the other material samples had an abrupt reduction in drag in the Reynolds number range tested. 
Smooth, circular cylinders have a laminar to turbulent transition at Re=3x105, which was not reached in 
the current tests. 
 
 
Fig. 4. (a). Drag coefficient as a function of speed for the medium cylinder in the spanwise orientation; (b) Drag coefficient as a 
function of Reynolds number for the medium cylinder in the spanwise orientation 
3.4. Spanwise orientation – Comparison between seam placements 
The drag coefficient versus velocity curves were generated for all seam placements for each material 
sample on the medium cylinder in the spanwise orientation. Zero degrees was at the front of the cylinder. 
The results, shown in Figure 5, indicate that there was no reduction in drag coefficient for Material 3 or 
Material 4 regardless of seam placement. However, the drag coefficient for Material 4 was lowest when 
the seam was at 60ȗ and greatest when the seam was at 90ȗ. For Material 1, the drag coefficient dropped at 
71.5kph when the seam was placed at 30ȗ and was greatest when the seam was at 60ȗ. For Material 2 the 
drag coefficient dropped for all seam positions, but at different velocities and by different amounts. The 
greatest reduction in drag coefficient for Material 2 was seen at a seam placement of 150ȗ at a velocity of 
64.3kph.  
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Fig. 5. Drag coefficient as a function of velocity for all seam placements for each material sample on the medium cylinder in the 
spanwise orientation. (a) Material 1; (b) Material 2; (c) Material 3; (d) Material 4 
The results suggest that Material 2 was the only material rough enough to induce a laminar to turbulent 
transition in the boundary layer, and that the choice of material for cylindrical parts of the body in the 
spanwise orientation, such as the upper arm and thigh, is dependent not only on the speed at which the 
athlete is travelling, but also on the placement of the seam. At lower velocities, the drag coefficient was 
least when a smooth material (Material 1) was used with the seam at 60ȗ to trip the boundary layer from 
laminar to turbulent, rather than using a rough material. However, at higher speeds (>71kph) it was shown 
to be more effective to use a rough material (Material 2) with a seam further to the rear of the cylinder 
(150ȗ) to induce turbulence. Table 2 shows a summary of the material and seam placement for which the 
lowest value of drag coefficient was identified at each speed tested.  
Table 2. Summary of material and seam placement for which the lowest values of drag coefficient were identified for all speeds 
tested on the medium cylinder 
 
 
 
 
 
 
 
Speed (kph) Reynolds Number Cdmin Material Seam Placement (ȗ)
49.5 6.31x104 0.698 4 60 
53.8 6.86 x104 0.687 4 60 
57.6 7.35 x104 0.389 4 60 
61 7.78 x104 0.687 4 60 
64.3 8.20 x104 0.690 4 60 
71.5 9.12 x104 0.658 2 150 
78.8 1.00 x105 0.659 2 150 
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4. Conclusions 
This study has shown that an analysis of material and seam placement for cycling skinsuits can be 
carried out by using cylindrical elements of similar diameter in the streamwise and spanwise orientations. 
For cylindrical parts of the body in the streamwise orientation, such as the forearms and torso, the 
difference between drag coefficients of the material samples tested was not significant. This suggests that 
the tightness of fit, aligning seams with the flow, and minimising wrinkles is as important as material 
selection. For cylindrical parts of the body in axial flow, such as the upper arm and torso, the choice of 
material and seam placement depends on the speed of the athlete. At cycling speeds less than 71kph, the 
smoothest material with a seam at 60˚ had the lowest drag coefficient. These results indicate that the seam 
tripped the boundary layer from laminar to turbulent flow before the point of separation, and that at these 
speeds a smooth material with a trip is more beneficial at inducing turbulence than a rough material. 
However, at speeds greater than 71kph, the roughest material with a seam at 150˚ had the lowest drag 
coefficient. This suggests that at higher speeds a rougher material is needed to trip the boundary layer 
from laminar to turbulent flow. The drag coefficient values from this study are similar to those 
determined by others, and these results can be used to design an aerodynamic skinsuit, which has been 
shown to result in success in high performance sports at elite levels. 
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